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Abstract 
Introduction: Adolescent idiopathic scoliosis (AIS) is a spinal deformity that can affect 
young children. It requires frequent exposure to X-rays to monitor the deformity, which can 
lead to the development of radiation-induced cancer later in life. The aim of this study is to 
test the accuracy of using scan projection radiography (SPR) in computed tomography (CT) 
scans for AIS assessment. This scanning mode delivers low radiation compared with 
conventional radiography. 
Method: A bespoke phantom with a 14° scoliotic spine was scanned in CT SPR mode using 
18 imaging acquisitions. These images were visually evaluated against set criteria to 
determine their suitability for Cobb angle measurements Those deemed of insufficient quality 
were excluded from the study (n=8, excluded). Cobb angle measurements were then 
performed on the remaining images (n=10, included) by 13 observers. 
Results: On average, the difference between the measured Cobb angle and the known angle 
was –2.75° (SD 1.46°). The agreement between the observers was good (p = 0.861, 95% CI 
0.70-0.95) and comparable to similar studies on other imaging modalities which are used for 
Cobb angle estimation. 
Conclusion: CT SPR images can be used for AIS assessment with the 5° margin of error that 
is clinically acceptable 
Implications for practice: The outcome is promising for patients and health providers 
because it provides an opportunity to reduce patient dose, achieve clinically acceptable Cobb 




Adolescent idiopathic scoliosis (AIS) is a complex three-dimensional spinal deformity. Its 
causes are unknown, and it predominately affects young females.1,2 In most cases, AIS, does 
not require treatment; instead, it is monitored until the patient matures. The monitoring 
process requires frequent radiological examination of the spine, which might occur at 3 to12 
months intervals depending on the severity of the curvature, the patient’s age and the 
management plan.3 The X-ray images are used to determine the severity of deformity through 
Cobb’s method4, which requires locating the endplates of the most tilted vertebrae to measure 
the angle between them. This is done by drawing a line on the superior endplate on the 
superior most tilted vertebra and another line on the inferior endplate of the inferior most 
tilted vertebra to measure the angle between them. 
AIS patients are at risk of developing radiation-induced cancer later in life due to frequent 
exposure to X-rays. Mainly because of their young age, patients are expected to have long 
lifespans, and radiation-induced cancer has a long latency period that can be measured in 
decades.5–7 The risk is also higher because of the rapid changes their bodies undergo at this 
age, particularly in the breast tissue of young females.8 Much effort has been made to develop 
new imaging techniques for AIS assessment to reduce the risk of radiation to patients and 
improve the outcomes of the examination. 
Our previous work 9, in which we analysed radiation doses for scan projection radiograph 
(SPR), digital radiography (DR) and dedicated system EOS (EOS imaging system, Paris, 
France), has shown that SPR imaging protocols delivered varying levels of radiation dose. In 
comparison with the DR and EOS, SPR doses were comparable with, or even lower than, 
those of other X-ray imaging machines at selected imaging acquisitions. The risk of 
developing radiation-induced cancer for10-year-old female patient when using SPR for AIS 
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assessment range from 0.14 - 7.9 cases per 106, depending on the imaging protocol.9 In 
comparison, the risk from using the DR and EOS are 0.92- 2.26 cases per 106  and 0.07-0.86 
cases per 106, respectively9. Optimising SPR mode can lead to a potential dose reduction 
without the need for capital outlay on X-ray machines dedicated to Cobb angle assessment, 
e.g. EOS. Training is also minimised, compared with using dedicated systems, since CT 
scanners are already available in most hospitals.  
The use of the SPR mode in CT is limited because of the absence of the gravitational effect 
on the morphology of the spine, which is not ideal for AIS assessment. However, the validity 
of assessing AIS in a non-weight bearing position is already proven in a study carried out by 
Lee et al. 10. That research showed that their method allows the conversion of Cobb angle 
measurements from a magnetic resonance imaging (MRI) image to X-ray measurements by 
correlating the measurements of non-weight bearing positions to standing measurements. In 
turn, Wessberg, Danielson and Willen found that Cobb angle measurements in a supine 
position are comparable to measurements in an upright position when using a supporting 
device (i.e., an axial load device).11 However, it is worth noting that there are CT systems that 
permit standing position, such as Onsight 3D Extremity System (Carestream Health, 
Rochester, NY, USA) 12,13 
The aim of this work was to assess the accuracy of CT scan projection radiography (SPR) 
mode (commonly referred to as the “scout” view) for the assessment of AIS in a phantom 
representing a 10-year old. This scanning mode has been shown in previous work to be 
capable of delivering a radiation dose that is comparable with, or even lower than, that of the 




A bespoke anthropomorphic phantom with the characteristics of a 10-year old AIS patient 
was created and validated with a known lateral curvature of Cobb angle 14o  (Figure 1). This 
was imaged using CT SPR mode with the range of imaging parameters listed in Table 1. 
These parameters included all possible options that the CT scanner was capable of in SPR 
mode. These imaging protocols were used in our previous work9, in which the radiation dose 
from SPR was quantified and compared with the dose from using the conventional 
radiography and EOS from assessing AIS.  
Table 1: Imaging factors and projections used for acquiring SPR images. 
Imaging protocol Imaging projection kVp mA 
CT1 AP 120 10 
CT2 AP 120 20 
CT3 AP 120 30 
CT4 PA 120 10 
CT5 PA 120 20 
CT6 PA 120 30 
CT7 AP 100 10 
CT8 AP 100 20 
CT9 AP 100 30 
CT10 PA 100 10 
CT11 PA 100 20 
CT12 PA 100 30 
CT13 AP 80 10 
CT14 AP 80 20 
CT15 AP 80 30 
CT16 PA 80 10 
CT17 PA 80 20 
CT18 PA 80 30 
 
As the images were intended for Cobb angle measurements, only frontal projections (i.e., 
anteroposterior (AP) and posteroanterior (PA)) were acquired in total, 18 images were 
acquired. As indicated in Error! Reference source not found., each image was assigned a 
code (CT1-18) so that, when evaluated later, observers could be blinded to the imaging 
parameters. Imaging was conducted on a third-generation 16-slice CT scanner 
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(Toshiba Aquilion; Toshiba Medical Systems, Tokyo, Japan), and all quality control tests fell 
within manufacturer tolerances outlined in Institute of Physics and Engineering in Medicine 
(IPEM) Report 91.14 
 
Figure 1: The phantom on the CT table (left); an AP projection image of the phantom acquired using SPR 
mode (middle); and a 3D image of the phantom (right). 
Visual evaluation 
Ethical approval for Cobb angle evaluation was obtained because volunteers would be used 
to make Cobb angle measurements on the images. After the 18 images had been acquired, 
they were inspected visually, using a grading scale, to identify which images were of suitable 
quality for Cobb angle measurements to be performed. A 5-megapixel monochrome reporting 
monitor (DOME E5, NDSsi, Santa Rosa, CA, USA), calibrated to the DICOM greyscale 
standard, was used for displaying the images. 15 
Using the grading scale, two radiographers, with over two years’ experience, and two medical 
physicists, with experience in evaluating medical images through their work in radiation dose 
optimisation, evaluated the clarity of the endplates based on the European guidelines on 
quality criteria for diagnostic radiographic images.16 These guidelines recommend evaluating 
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seven anatomical features: 1) upper and lower plates surfaces; 2) pedicles; 3) intervertebral 
joints: 4) spinous and transverse processes; 5) cortex and trabecular structures; 6) adjacent 
soft tissue and 7) sacroiliac joints. These criteria are not specific to scoliosis imaging but 
general to spinal imaging. Therefore, most of the anatomical features are irrelevant to Cobb 
angle measurement, which was the purpose of this study. Consequently, the observers were 
asked to evaluate the appearance of the upper and lower endplates of all vertebrae in the 
images. The evaluation involved a visual grading scale, similar to that used in Alqaroot17: if 
an endplate was not clear in the image, then the entire image would be marked as unsuitable 
for Cobb angle measurements. Instead, only images that had been marked as suitable for 
Cobb measurements by all four observers were selected for the next stage (i.e. if there was 
disagreement, the images were not included in the study). The use of this scale ensured that 
only images with adequate quality for Cobb angle measurements were included for the next 
stage of the study. 
Cobb angle measurements 
Thirteen observers (seven diagnostic radiographers and six orthotist) were invited to perform 
Cobb angle measurements. The Cobb angle was measured digitally using Radiant image 
viewer software (Mediaxnt, Poznan, Poland). The observers’ levels of experience varied: the 
radiographers had at least two years’ experience, whereas the orthotists included four 
students (one first year and three third year) and two academic members of staff. Despite the 
level of experience, all observers were given the same ½ hour training session to ensure that 
they were familiar with the measuring software and, importantly, how to place ‘lines’ on the 
image in order to calculate Cobb angle. 
In the training sessions, which were delivered individually to each observer before the Cobb 
angle was measured, the basic concepts of the Cobb method were explained, and the 
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observers were familiarised with the software. Part of the Cobb method is identifying the 
most tilted vertebrae; therefore, the observers were trained to identify these vertebrae. To do 
so, they had to select all possible tilted vertebrae and perform the Cobb method on each two 
vertebrae. For example, if they selected T5 and T6 as the most tilted superior vertebrae, and 
L1 and L2 as the most tilted inferior vertebrae, they had to perform the angle measurements 
four times as follows: T5 and L1, T5 and L2, T6 and L1 and T6 and L2. The measurements 
were then compared, and the pair of vertebrae with the largest angle were selected as the 
most tilted vertebrae. This step was introduced to increase the accuracy of the measurements 
and to ensure that it was indeed the most tilted vertebrae that were selected. 
The second part of the training session was to practice performing the measurements on two 
conventional radiography images that had been downloaded from an online library and 
anonymised of patients with AIS.18 After finishing the training session, the observers were 
asked to identify the most tilted vertebrae and determine the degree of the curve in the 
phantom images. The observers were blinded to the imaging parameters, and the 
measurements were performed once in an attempt to reflect clinical practice and increase the 
validity of the outcomes. 
Data analysis 
The number of observers (sample size) needed for the study was determined using G*power 
19, with 90% power to detect the difference from a constant with an α-error of 5%. The 
consistency of the observers’ image evaluations and Cobb angle measurements was 
determined using an intra-class correlation (ICC) two-way mixed model. The ICC 
demonstrates the degree of correlation and agreement between the measurements with ICC < 
0.5 indicating poor reliability, between 0.5 and 0.74 indicating moderate reliability, between 
0.75 and 0.89 indicating good reliability and an ICC > 0.90 indicates excellent reliability.20,21  
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The measured Cobb angle was subtracted from the known angle of the phantom (14°) to find 





Using the visual grading scale, 10 images out of the 18 were identified as suitable for Cobb 
angle measurements based on the clarity of the endplates. The 10 images that produced 
acceptable image quality are shown in Table 3. The inter-observer agreement was good, as 
the ICC value was 0.76, with a 95% confidence interval (CI) between 0.60 and 0.86. 
Cobb angle measurements 
Table 2 shows a summary of Cobb angle measurements for the two training images. The 
inter-observer variation is within the 5°, except for observers one and ten within image two. 
On the SPR images, the average difference from the true angle of the phantom spine (14°) 
was –2.75° (SD=1.46°), and the agreement between the observers (ICC) was good at 0.861 
(95% CI 0.70-0.95).  Table 3 reports the measured Cobb angle in each image. 
Table 2: Cobb angle measurements on the training images. 
Observer Image 1 Image 2 
1 87.1° 45.7° 
2 89.8° 54.5° 
3 88.1° 51.7° 
4 87.9° 50.1° 
5 88.4° 50.9° 
6 88.2° 53.4° 
7 87.6° 52.2° 
8 88.2° 50.4° 
9 88.7° 53° 
10 85.7° 47.8° 
11 85.5° 49.9° 
12 88.6° 53.4° 
13 88° 45° 
Average 87.8 50.6 




Table 3: The measured Cobb angle in each image. 
Imaging 
protocol 
CT3 CT4 CT5 CT6 CT8 CT9 CT10 CT11 CT12 CT15 
Projection AP PA PA PA AP AP PA PA PA AP 
kVp 120 120 120 120 100 100 100 100 100 80 
mA 30 10 20 30 20 30 10 20 30 30 
Average 
angle 
9.84 11.31 14.91 11.69 11.48 10.28 9.74 11.15 10.53 11.48 
SD 2.81 1.30 1.69 1.50 2.38 1.93 1.30 1.62 2.12 1.85 
 
Discussion 
In this paper, we aimed to assess the accuracy of CT SPR mode for the assessment of AIS in 
a bespoke anthropomorphic phantom representing a 10-year old with AIS. The results from 
our study suggest that CT SPR images can be used for AIS evaluation using Cobb angle, with 
an acceptable variation of 5° between the observers which is clinically acceptable.22–25 This 
variation represents 95% of a true difference between two measurements 26. Thus, Cobb’s 
Method is associated with variation in the measurements; an average of 6.34°, 3.62°, 2.1 ° 
and 3.75° difference in Cobb angle measurements have been reported in recent studies.25,27,28 
The findings of our work are in agreement with published differences. It is worth mentioning 
that the measurements arising from our work were compared with a known angle of the 
curved spine, unlike previous published works, where only the difference between the 
measurements of the observers was compared.  
The agreement between the observers of Cobb angle measurements is comparable to the 
results published in the Langensiepen (2013) review29 and other published works too30,31, 
with an ICC range between 0.83 and 0.99. However, when comparing the Cobb angle 
measurements with the known angle of the phantom spine, it seems that the angle was 
underestimated in 9 out of 10 images. The underestimation in the measurements could be 
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linked to the variation in the quality of the images and the large inter-observer variability of 
the Cobb method and how it can affect measurements. 
The findings of our work suggest that SPR mode in CT scan has the potential of reducing 
patient dose when used for AIS assessment compared with the currently used machines, 
namely the digital radiography (DR) and EOS. In the previous work9, we investigated the 
dose levels from using SPR, DR (DR) and EOS for assessing AIS. The dose reduction in SPR 
was not at the same level to that which can be achieved using EOS imaging systems. 
However, EOS imaging systems are not widely available, and their use is limited compared 
with other imaging systems, especially outside of specialised paediatric centres. TablesTable 
4Table 5 show the effective dose of the imaging protocols used in this work and of the DR 
and ESO when used to assess AIS. 
Table 4: The effective dose from using the SPR imaging protocol.9 
Imaging 
protocol 
CT3 CT4 CT5 CT6 CT8 CT9 CT10 CT11 CT12 CT15 
Projection AP PA PA PA AP AP PA PA PA AP 
kVp 120 120 120 120 100 100 100 100 100 80 
mA 30 10 20 30 20 30 10 20 30 30 
Effective 
dose (mSv) 
0.25 0.02 0.04 0.10 0.06 0.16 0.01 0.02 0.06 0.10 
 
Table 5:The effective dose from using DR and EOS to assess AIS.9 
Imaging 
machine 
DR DR EOS EOS 
Imaging 
projection 
AP PA AP+lateral AP 
Effective dose 
(mSv) 
0.08 0.03 0.03 0.01 
The imaging parameters used for radiation dose measurements are published in our 
previous work9. 
 
Our work is not without limitations. For example, the relationship between the image quality 
and the accuracy of the Cobb angle measurements was not established due to the lack of SPR 
images using the same imaging acquisitions, and the lack of repeated Cobb angle 
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measurements. A further possible limitation surrounds the use of supine, rather than erect, 
imaging. However as demonstrated in our paper, previous research suggests that following a 
mathematical correction supine imaging can offer a fairly accurate alternative to erect 
imaging; additionally, as CT scanners that allow erect imaging to start to be installed the 
potential problem of [only] supine imaging would disappear. 
Conclusion 
We propose that SPR has the potential to be used in the assessment of AIS in 10-year-old 
children. Prior to implementing our recommendation into practice, it is essential that 
optimisation is conducted to identify which SPR imaging parameters result in the most 
accurate Cobb angle results along with a low dose. Overall, the outcome of our work is 
promising for patients and health providers because it provides an opportunity to reduce 
patient dose, achieve clinically acceptable Cobb angle measurements whilst using existing 
(CT) technology that is available in most hospital settings; the latter, of course, could be 
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